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Abstract: Evaluation of the susceptibility to landslides in the Codri Plateau using the method of frequency 
and rate and SIG techniques. Landslides in the Republic of Moldova are spread practically everywhere. But 
the main regions in which these processes are more frequently, are hills and plateaus areas, firstly the 
Plateau of the Central Region of the Republic of Moldova, known as the Codri Plateau or the Bâc Plateau. 
Landslides cause annual losses of multiple materials, destroying houses, transport routes, industrial targets, 
farmlands etc.. Between 1970-2010 in the Republic of Moldova the rate of the increase of the active 
landslide surface was 1.000 ha/year in that period the Bâc Plateau was characterized- with a maximum 
landslides frequency of 40-50 land./100 km
2. The aim of this work is to draw the map of the susceptibility to 
landslides of the Bâc Plateau, using the frequency rate method and SIG techniques. 
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1.  Methods of study 
In this work has been viewed susceptibility 
to landslide lands with the application of the 
rate of frequency (Frequency Ratio Model) and 
ESRI's ArcGIS Desktop software, which 
enables the determination of the probability of 
spatial occurrence of landslides. Frequency rate 
calculation shall be determined by the ratio of 
the percentage area occupied by each factor and 
the percentage slips total area corresponding to 
each factor. If the ratio is greater than 1, then 
the probability of the occurrence of landslides is 
high. Cartographical pattern was realized on the 
9 factors (lithology, the numerical model of the 
terrain, elevation, depth of fragmentation, slope, 
exhibition, rainfall, use of land, the distance 
from the water and the distance from the road 
network). For each factor was calculated the 
frequency of rate based on overlapping with the 
landslides, obtained from orthophoto images. In 
the end, it was made a map of susceptibility to 
landslides, by adding the 9 factors listed in the 
maps. 
Evaluation of distribution of landslides 
based on morphological and morphometrical 
characteristics of the landscape were initiated at 
the Institute of Geology and Seismology and 
ASM still at the beginning of the 80s. The most 
diverse situation was registered in Central 
Moldova. Therefore the object of study of the 
project has served the central region of the 
Republic of Moldova, which corresponds in 
large part to the Bâc Plateau, which extends 
between the Prut and Răut rivers, with the 
northern boundary, marked by Moldovian Coast 
, but to the South with a slower transition to 
South-Moldavian hilly plain. (Donisă and 
Boboc, 2009). 
The region of study (the Codri Plateau) has 
a total area of 5,400 km
2, and that, what was 
affected by the active landslides is 109 km2, or 
about 2%. 
In order to assess the degree of 
susceptibility of the region of study to 
landslides, were selected three key sectors - 
Nisporeni, Călărăşi and Criuleni with the total 
area of 1,019 km
2, located in different 
geological and geomorphologic conditions, and 
with differences in the land use. 
Morphometric characteristics of the Bâc 
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Plateau, of the key-sectors and the evaluation of 
the frequency and of the surface occupied by 
landslides were made on the topographic maps 
(1976) and orthophotos (2007). With the 
support of the topographic maps at 1:25,000 
scale a Digital Elevation Model (DEM) for 
these key sectors was developed. 
2.  Results and discussions  
In the development of the processes of 
sliding in the study area, a particular role refers 
to the geologic (lithologic) specific, also 
topography, hydroclimatic onditions and the use 
/ land cover. 
Lithology. The territory is grafted on 
Khersonian and Bessarabian sediments, 
predominantly loamy, but in the East under 
strong intercalations of limestone slopes. Upper 
parts of the slopes and the highest interfluvial 
peaks consist of alluvial and deltaic formations 
of Stolniceni series in the south-east and of 
sands and gravels of Pliocene-Quaternary age, 
covered by layers of loess. 
Most landslides occur in areas where are 
recorded the presence of clays and sands 
intercalations with the limestone, frequency rate 
exceeding the 1st value. The highest stability is 
recorded on the sandy and chalky structures 
(fig. 1). 
 
 
Figure 1. Lithology map 
 
Relief. After the drainage features, the Bâc 
Plateau is classified by some authors in the 
category of erosional mountains. The maximum 
altitude reaches 429 m (Bălăneşti Hill), the 
average elevation is 177 m and average slope - 
5.8 degrees. The landscape is represented by 
long interfluves with structural plateaus and 
large valleys of the Nistru tributaries. In the 
Western side, the shorter Prut tributaries have 
fragmented more intensively the plateau with 
the shorter, narrower and lower interfluves. 
Here are presented cuesta with the western 
orientation and particularly North-western (Fig. 
2). 
Interfluves, sometimes in the form of ridge 
are narrow, sometimes less than 100 m wide. In 
some regions, the interfluves can be fully 
affected by landslides that develop intensely on 
the adjacent slopes valleys, such as, for 
example, the northern slopes of Măgura Hill, the 
interfluve Ichel-Cula, etc. 
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from 200-250 m to 250-300 m, sometimes 
reaching 320-330 m. The density fragmentation 
varies between 1.0 and 5.13 km/km
2, the 
average value being of 2.27 km/km
2. (Boboc et 
al., 2009). 
 
 
Figure 2. Hypsometric map 
 
Loamy facies, large share of the slopes 
(over 85% of the plateau) and morphometric 
specific gravity of relief favor the intensification 
of the processes, particularly of the landslides, 
whose area exceeds 33.3% of the total area 
(Леваднюк, 1983). In the Bâc Plateau is located 
about one third of the total number of landslides 
in Moldova and over 40% of the total land-skid, 
of which 158,000 ha of land remain to 
contemporary slides (Леваднюк и др., 1990). 
The total land area susceptible to landslides is 
more than 240,000 ha. The most active 
landslides develop on the slopes of the 164 
circular depressions (hollow), registered in the 
plateau (about 46% of the total number of the 
hollows in Moldova). The surface of some 
hollows is more than a thousand hectares, the 
largest of these, is the hollow of the villages 
Lozova and Huzun, that covers an area of over 
1210 ha and 3.5 to 5.5 km dimensions. 
Thus, the Bac Plateau has morphometric, 
geological, and hydrogeologic conditions, 
favorable for the intense development of the 
slope processes, especially of the landslides. 
Regarding land use, the study area has an 
agro-forestry specialization. The functional 
structure of the region has totally unique 
aspects. It has the highest values of altitude and 
degree of fragmentation of the landscape, and 
also the greatest amount of precipitation. They 
have influenced its functional profile - the 
smallest share of arable land (31.6%) and the 
highest frequency of the forests (23.6%) and 
vineyards (18.4%). To note that this region 
includes 45% of all the forests and 58% of all 
the vineyards of the Republic of Moldova. The 
high percentage of the forest lands here is 
explained primarily by the hilly and high terrain 
(less favorable for the use as arable lands), and a 
greater amount of precipitation. Vineyards 
especially occupy the slopes, being more 
frequent in the basins of the Bâc and Cula 
Rivers (fig. 3). 
However, the region has a very high 
proportion of agricultural land (64.2%), 
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geomorphologic and lithologic conditions. 
Arable lands (31.6%) are the most common to 
the Eastern and Western outskirts of the region. 
They are the most susceptible to degradation 
processes and this in the context that the slopes 
(above 3°) covers 74% of the territory of the 
region, so that a good part of the arable land 
areas are on a sloping surface. 
Orchards are more common in the districts 
of Călărăşi and Nisporeni but they are most 
prone to landslide processes, both because of 
the large slope, but also of their degradation. 
In order to avoid degradation processes, but 
also to increase productivity of some land 
categories, it is imposed the consolidation of the 
massive forest and vineyards. It is also 
recommended to avoid the consolidation of the 
arable lands and as far as possible, where it is 
possible, to expand the forests and the vineyards 
in the region. 
The map of the land susceptibility to 
landslides in the central region has been carried 
out with the application of the rate of frequency 
(Frequency Ratio Model) in ArcGIS Desktop 
(ESRI). This map represents the probability of 
the occurrence of landslides. Its calculation is 
the ratio between the percentage of landslide 
areas under each factor and the percentage of 
the total area corresponding to each factor. If the 
ratio is greater than 1, then the probability of the 
occurrence of landslides is high and it decreases 
below 1, the relationship between that factor 
and landslides being not very important or even 
negligible (Goţiu, Surdeanu, 2008). The 
mapping was done according to the 9 factors 
(inventory of landslides, lithology, elevation, 
depth, drainage, slope, exposition, land use, 
distance from the river systems and drainage 
network density) (Fig. 4). For each factor was 
calculated the frequency rate (tab. 1) based on 
the overlay with the landslide inventory (Lee, 
Evanghelista, 2005; Lee, Pradhan, 2006). 
Finally, it was realized the landslide 
susceptibility map by summing up the maps 
with the factors listed (fig. 5). 
 
Table 1. Factorial calculation of landslide frequency rate 
1.  Fragmentation depth/Relief energy 
Factor  The share of the total area of the 
region (%) 
The share of the total area of the 
landslides (%)  Frequency rate 
<50 7.03  0.12  0.02 
50-100 50.62  37.54  0.74 
100-150 38.72  57.75  1.49 
150-200 3.61  4.60  1.27 
>200 0.02  0.00  0.00 
 
2.  Elevation 
Factor  The share of the total area of the 
region (%) 
The share of the total area of the 
landslides (%)  Frequency rate  
<50 4.39  0.56  0.13 
50-100 14.41  9.82  0.68 
100-150 25.45  31.47  1.24 
150-200 24.59  34.89  1.42 
200-250 16.58  17.11  1.03 
250-300 8.70  5.07  0.58 
>300 5.88  1.08  0.18 
 
3.  Slope 
Factor  The share of the total area of the 
region (%) 
The share of the total area of the 
landslides (%)  Frequency rate 
0-2 15.44  1.55  0.10 
2-5 26.56  7.77  0.29 
5-7 19.43  14.34  0.74 
7-15 36.03  71.03  1.97 
>15 2.54  5.31  2.09 
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4.  Aspect 
Factor  The share of the total area of the 
region (%) 
The share of the total area of the 
landslides (%)  Frequency rate 
Plane 0.09  0.00  0.01 
North 8.88  15.43  1.74 
North-East   17.52  17.17  0.98 
East 16.04  6.47  0.40 
South-East   9.35  3.45  0.37 
South 11.57  6.29  0.54 
South 18.72  16.62  0.89 
West   11.83  22.86  1.93 
North-West   6.01  11.71  1.95 
 
5.  Land use 
Factor  The share of the total area of the 
region (%) 
The share of the total area of the 
landslides (%)  Frequency rate 
Waters 1.25  0.26  0.21 
Forests 23.57  39.93  1.69 
Grasslands 11.66  29.15  2.50 
Arable 31.54  11.61  0.37 
Orchard 2.46  2.84  1.16 
Vineyards 18.33  13.52  0.74 
Settlements 11.19  2.70  0.24 
 
6.  Precipitations 
Factor  The share of the total area of the 
region (%) 
The share of the total area of the 
landslides (%)  Frequency rate 
<550 33.01  25.26  0.77 
550-600 52.26  67.75  1.30 
600-650 14.08  6.97  0.49 
>650 0.64  0.03  0.04 
 
7.  Lithology 
Factor  The share of the total area of 
the region (%) 
The share of the total area 
of the landslides (%) 
Frequency 
rate 
Sand, clays, aleurites  31.51  13.89  0.44 
Sand with gravel lenses  0.99  0.76  0.77 
Clays, sands, limestone  27.95  33.83  1.21 
Sands with lenses of gravel, clay  1.36  0.06  0.05 
Sand, gravel, conglomerates, clays  0.85  0.07  0.08 
Sand aleurites, clay with gravel lenses  1.90  0.16  0.08 
Carpathian jasper sands  0.08  0.00  0.00 
Clay, sand, limestone, diatomite, 
limestone reef  34.49 51.22  1.48 
Limestone, clay, sand, limestone, 
diatomite reef  0.03  0.00  0.00 
Limestone, sand, clay, reef limestone  0.84  0.00  0.00 
 
8.  Distance from rivers, m 
Factor  The share of the total area of the 
region (%) 
The share of the total area of the 
landslides (%)  Frequency rate 
0-250 38.85  17.33  0.45 
250-500 33.20  42.98  1.29 
500-750 20.57  31.03  1.51 
750-1000 6.73  7.80  1.16 
1000-1250 0.60  0.72  1.20 
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9.  Distance from roads, m 
Factorul  The share of the total area of the 
region (%) 
The share of the total area of the 
landslides (%)  Frequency rate 
0-250 32.46  20.66  0.64 
250-500 27.57  28.12  1.02 
500-750 18.77  21.75  1.16 
750-1000 11.18  14.52  1.30 
1000-1250 5.55  7.39  1.33 
1250-1500 2.65  3.83  1.45 
1500-1750 1.19  2.23  1.88 
1750-2000 0.45  1.01  2.26 
>2000 0.18  0.48  2.67 
 
 
Figure 4. The methodology of the landslide susceptibility analysis by Frequency Ratio Model 
 
 
Computation of Landslide Susceptibility 
Index (LSI): Landslide Susceptibility Index 
(LSI) is the summation of each factor’s 
frequency ratio (Fr) values as in equation 1. 
Landslide susceptibility value represents the 
relative susceptibility to landslide occurrence, as 
higher values are associated with landslide 
susceptibility (table 1). 
LSI = ( Fr (Elevation) + Fr (Aspect) + Fr 
(Slope)+ Fr (Relief energy) + Fr (Lithology) + 
Fr (Drainage network density) + Fr (distance 
from streams) + Fr(Land use)) / 8)  
Knowledge based weight assignment was 
carried out for each feature, and they were 
integrated and analyzed using the weighted 
aggregation method (ESRI 1988, 1989). 
In this method, the total weights of the final 
integrated polygons were derived as sums or 
products of the weights assigned to the different 
layers, according to their suitability. 
Functions: 
￿  ArcToolbox/Analisys 
Tools/Overlay/Union; 
￿  ArcToolbox/Data Management 
Tools/Fields/Calculate Field. 
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Figure 5. The Landslide Susceptibility map by Frequency Ratio Model 
 
Table 2. The Landslide Susceptibility index by Frequency Ratio Model 
Classes Area,  km
2 %  Validation 
Very low  93.6  1.7  0.10 
Low 1762.6  32.6  0.44 
Moderate 2540.6 47.0  0.50 
High 959.5  17.8  3.03 
Very high  43.6  0.8  9.91 
Total 5400  100  - 
 
The frequency rate method is the most 
simple and fast in application, but which has a 
lower accuracy, when compared to other 
methods (logistic regression, artificial neural 
network, etc. ).  
As a result of the application of this method 
have been defined 5 conventional classes of 
susceptibility of slopes to landslides. 
Lands with low and very low susceptibility 
- 34.3%. They are specific to river floodplains, 
especially to the Nistru and Prut rivers, with 
minimum values of the slope. The settlements 
where prevail the very low degree of 
susceptibility, are located on the floodplain of 
the Nistru River (Duşca, Onişcani, Slobozia, 
etc.). 
The lands with moderate susceptibility are 
the most extensive and occupy 47% of the total 
area. They have low values of the slopes (up to 
7°). Among the categories of the use of the 
lands, multi-annual plantations prevail, but the 
arable lands are quite frequent. In the area of 
these lands, more than 200 settlements are 
located, mostly registered in Northern, Central 
and Western Codri. 
  The lands with high and very high 
susceptibility occupy 18.6%. They are the most 
frequent in the Northern Codri, predominantly 
in the Cula river basin and in the Western Codri, 
where the highest number of landslides are 
recorded and not only for the Codri Plateu but 
for the all territory of the Republic of Moldova. 
These lands have high slope values  (above 7°), 
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plantations, forests or grasslands, but there are 
many cases when in this area with this degree of 
susceptibility to landslides it is included the area 
of seven settlements. These include villages: 
Mânzăteşti, Ungheni district (511 people), 
Pirjolteni, Calarasi district (1806 people), 
Ciobanca, Straseni district (711 people), 
Odobeşti, Nisporeni district (88 people), Rusca 
and Secărenii Noi Hânceşti (423 and 320 
respectively people), Văduleni, Chişinau (with 
541 people). The total population of these 
villages is about 4,400 people. We also mention 
that about 35 recent settlements suffer from the 
old landslides, including some areas in Chişinau 
(Malina Mică, Sculeni etc.), Călăraşi and 
Nisporeni towns. 
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